t j Summary: Cellular retinoic acid-binding protein levels were determined in the skin and testes of normal and i retinol-deficient rats. All-trans [ 3 H]retinoic acid (1.1 TBq/mmol) was used to titrate the specific binding sites ; in tissue cytosol preparations. Scatchard plot analyses were used to determine the concentration of cellular ! retinoic acid-binding protein and its binding affinity (K d ) for alWra/w-retinoic acid. In normal rat skin the concentration of cellular retinoic acid-binding protein was 3317 + 924 (SD) fmol/mg protein and the K d was 1.98 ± 1.0 χ 10~9 mol/1. In retinol-deficient rat skin the concentration of cellular retinoic acid-binding protein was 2584+ 1205 fmol/mg protein and the K d was 3.30 + 3.4 χ l CT 9 mol/1. In the normal rat testes the concentration of cellular retinoic acid-binding protein was 2965 + 1187 fmol/mg protein and the K d was 2.30 + 2.1 χ 10~9 mol/1. Iri retinol-deficient rat testes the concentration of cellular retinoic acid-binding protein was 2439 + 383 fmol/mg protein and the K d was 0.3 + 0.2 χ 10~9 mol/1. These findings indicate that there are no significant differences in the levels of cellular retinoic acid-binding protein between normal and deficient rat skin and testes (p > 0
Introduction
, . . r " , . . , . ,. the levels of the cellular retinoic acid-binding protein.
The molecular action of retinoids is not yet known, We therefore designed this study to further elucidate although there is gr wing evidence that retinoids af-how the vitamin A nutritional Status affects the levels fect cell differentiation and proliferation, and may of cellular retinoic acid-binding protein in raf skin affect gene expression in target cells (l -3). A\\-trans-and testes. retinoic acid is a natural metabolite forrried from retinol and retinaldehyde. It possesses many of the -. , The offspring of 10 pregnant female Sprague-Dawley rats were randomly assigned, after delivery, to two groups; one group was fed a vitamin A-deficient diet, the other was fed a control diet. Food and water were provided ad libitum. As soon s the nursing rats in the study group were weaned, they were put on deficient diets, while those in the control group were put on normal diets for 8 weeks.
Assessment of vitamin A nutritional Status
Tissue vitamin A coutent was determined by the trifluoroacetic acid method of Ditgan et al. (13) after ether extraction according to Ames et al. (14) . This method was satisfactory for our purposes, although the HPLC method is even more quantitative.
Cytosol preparation
All operations were performed s quickly s possible over crushed ice. Rat festes or skin (l g) was placed in 4 ml of cold 2mmol/l Tris/HCl buffer, pH 7.5, and l μΐ monothioglycerol was added per ml of buffer. The tissue was homogenized by a few strokes in a Polytron homogenizer with intermittent cooling.
The homogenate was transferred to 10 ml cellulose nitr te tubes, placed in a type 50 Beckman rotor and centrifuged at 100000g for 30 min at 4°C in a Beckman model L-2-65 ultracentrifuge (Palo Alto, California).
The cellular retinoic acid-binding protein was further partially purified by adjusting the pH of the supernatant layer to 5, followed by centrifugation at 100000 g for 30 min at 4 °C. The supernatant was removed and adjusted to pH 7.2 with 5 mol/1 NaOH, and kept on ice.
The protein concentration was determined by the method of Waddel(\5).
All of the data were ultimately expressed per milligram of protein.
Determination of cellular retinoic acid-binding protein by radioreceptor assay
Stock Solutions (2 μιηοΐ/ΐ) of [ To determine the amount of labclled retinoic acid bound by the unknown quantity of receptor, the unbound retinoic acid was removed from the System by adding 0>6 ml ice-cold dextrancoated charcoal Suspension to each tube, followed by constant stirring in an ice-bath for 20 minutes (16).
The primary purpose of partially purifying the cellular retinoic acid-binding protein was to remove interfering substances that bind [ 3 H]retinoic acid non-specifically, thus enabh'ng use of the rapid assay based on charcoal absorption of the unbound ligand.
The tubes were then centrifuged at 2200g, for 8 -10 minutes at 4 °C. Then 0.5 ml of supernatant was carefully withdrawn and transferred to a mini vial, followed by addition of 4 ml of toluene-Triton cpcktail (600 ml Triton X-100, 1400 ml toluene and 8 g omnifluor). All vials were co nted for 4 minutes in a Packard model 2405 liquid scintillation counter.
A Scatchafd plot was constructed by plotting the ratio, bound/ free radioactivity (B/F), against speeifically bound retinoic acid. Linear regression analyses of the data provided the number of specific binding sites and the cytosol binding protein affmity to retinoic acid (K d ). The r value was the best straight iine (least squares regression) through each set of points.
Results
The mean level of vitamin A in the liver of rats fed a control diet was 40.7 μg/g, and in the plasma 380 μg/l 9 while the level of vitamin A in the liver of rats fed vitamin A-dificient diets for 8 weeks was undetectable and the plasma level was 47 μg/l.
Results f five separate experiments using rat skin, and of three separate experiments using rat testes are shown in table l and a typical example is shown in figure l.
In the normal rat skin, the K d value was l .98 + l .0 (SD) χ l O"" 9 mol/1 and the number of binding sites was 3317 ± 924 fmol/mg protein. In retinol-deficient rat skin, the K d was 3.30±3.4xlO~9 mol/1 and the number of binding sites was 2584 ± 1205 fmol/mg protein. There is therefore no significant difference in the levels of cellular retinoic acid-binding protein be- tween normal and deficient rat skin by the Wilcoxon rank sum test (p > 0.1).
In the testes, the K d values were 2.30 ± 2.1 χ 10~9 mol/1 and 0.3 ± 0.2 χ 10~9 mol/1, the number of binding sites were 2965 ±1187 fmol/mg and 2439 ±383 fmol/mg protein in the normal and vitamin A deficient rat testes, respectively. This indicates that there is no significant difference in the levels of eellular retinoic acid-binding protein between normal and vitamin A-deficient rat testes by Wilcoxon rank sum test (p > 0.1).
Discussion
It is now assumed that cytosolic retinoic acid-binding proteins are probably shuttles that carry retinoic acid to the nuclear receptors, which are now known to be the true receptors that affect the action of retinoic acid at the genome (3, 18) .
Nevertheless, the biological activity of various retinoids rriay be related to binding by eellular retinoid binding proteins in the target tissues (19 -21) . Therefore, we have attempted to further clarify the effect of vitamin A nutritional Status on the levels of eellular retinoic acid-binding protein in rat skin and testes.
It has been showa (22) that retinoid-deficient rats showed reduced tissue levels of cellular retinol-binding protein, Cellular retinoic acid-binding protein levels, however, were not affected by differences in retinoid nutritional Status, except in the skin, where cellular retinoic acid-binding protein levels appear to be minimally influenced by the amount of retinoid ligands available. This minimal change in the level of cellular retinoic acid-binding protein probably arises from methodological differences between the previous study and the present study. These differences may lie in the tissue preparation or in the conduct of the radioligand assay. The amounts of both cellular retinol-binding protein and cellular retinoic acid-binding protein in testes are similar for retinol-depleted and pair-fed control rats (23), using sucrose gradient centrifugation. Simdelin et al. (24) found similar levels of cellular retinoic acid-binding protein in the testes of normal and retinol-deficient (supplemented with retinoic acid) rats; in contrast, there was a marked decrease in cellular retinol-binding protein and an increase in cellular retinoic acid-binding protein of both corneal, and conjunctival epithelia in retinoldeficient rabbits (24) , using the sucrose gradient assay.
Siegenthaler et al. (25) reported that cellular retinoic acid-binding protein and not cellular retinol-binding protein is significantly elevated in psoriatic plaques, compared with either non-lesional psoriatic skin or normal controls, using the charcoal-dextran and gel filtration assays. The level of cellular retinoic acidbinding protein, but not cellular retinol-binding protein, is augmented during oral administration of the synthetic retinoid, Etretin (Ro 10-1670), in non-lesional psoriatic skin, using the charcoal-dextran and gel filtration assays. This suggests that synthetic retinoid therapy may affect the regulation of the natural retinoic acid-binding proteins in human skin (26) .
In this study, when retinol-deficient rats were compared with pair-fed controls, no significant differences were observed in the levels of cellular retinoic acidbinding proteins in either testes or skin. It would therefore appear that the level of these binding proteins may not be controlled by the l w availability of vitamin A. It has been proposed that cellular retinoic acid-binding protein may serve s a means of detoxification or elimination of excess retinoid (27) .
In the present study, the K d values ranged from 10~8 to 10~J O mol/1, which indicates a high affinity of binding of all-frarw-retinoic acid to cellular retinoic acid-binding protein in the tissues studied. Our data on the affinity for cellular retinoic acid-binding protein are in agreement with other studies (10, 25, 26) .
The possible role played by cellular receptors in mediating the pharmacological effects of retinoids is still unclear. More Information is needed concerning the interaction between the retinoids and their receptors.
